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Nozzle arrangement for drag type drill bit.

A drill bit has a plurality of radial blades
(12,14,16,18,20,22) on its leading face which
define fluid channels (24,26,28,30,32,34) lead-
ing to junk slots (36,38,40,42,44,46) in the gauge
region, cutting elements (23) being mounted
along each blade. At least two of the channels
(24,26) are in communication with one another
at their inner ends and there is provided, at the
communicating inner ends of the channels, an
inner nozzle (48) which is angled to direct the
majority of drilling fluid emerging from the
nozzle outwardly along one of the channels
(24). An outer nozzle (54) is located in the other
channel (26), adjacent its junk slot (38), and is
angled so that the majority of fluid emerging
from the outer nozzle flows inwardly along said
other channel (26) and towards the inner nozzle
48).
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The invention relates to rotary drill bits for use in
drilling holes in subsurface formations and particular-
ly to drag type drill bits of the kind comprising a bit
body having aleading face and a gauge region, a plur-
ality of blades formed on the leading face of the bit
and extending outwardly away from the axis of the bit
towards the gauge region so as to define between the
blades a plurality of fluid channels leading to junk
slots in the gauge region, a plurality of cutting ele-
ments mounted along each blade, and a plurality of
nozzles in the leading face of the bit for supplying drill-
ing fluid to the channels for cleaning and cooling the
cutting elements.

One of the major problems in designing a drill bit
of this type lies in positioning and orientating the noz-
zles so as to provide the most effective flow pattern
of drilling fluid along the channels and across the cut-
ting elements to obtain the optimum cleaning and
cooling effect. The flow of drilling fluid emerging from
the nozzles and impinging on the surface of the for-
mation being drilled also serves to cool the formation.

Normally the nozzles are located in the area
around the central axis of rotation of the bit so that
substantially all of the drilling fluid emerging from the
nozzles flows outwardly along the channels with
which each nozzle communicates, so as to wash over
the cutting elements facing into the channels. Ar-
rangements are known in which these nozzles are
slightly angled with respect to the surface of the bit
body so that the drilling fluid emerges from the nozzle
in a direction having a component along a particular
channel. However, where a nozzle is feeding two or
more channels it may be undesirable to direct the flow
along a particular channel.

Another requirement for the flow of drilling fluid
is effectively to remove and clear from the channels
the cuttings which are removed from the formation by
the cutting element as drilling proceeds. In soft and
sticky formations there may be a tendency for such
cuttings to accumulate or "ball" in the channels and it
is necessary that the flow of drilling fluid should be
capable of preventing or clearing such accumulations
since otherwise the cutting elements facing into a
blocked channel may become ineffective for drilling.

Many different designs of drill bit, and arrange-
ments of nozzles, have been proposed in an endeav-
our to meet these requirements. In European Speci-
fication No. 0119239 there is shown an arrangement
in which nozzles are provided near the outer periph-
ery of the drill bit instead of near the centre. In such
arrangement there are not provided junk slots directly
adjacent the peripheral nozzles so that the drilling flu-
id emerging from the nozzles cannot flow directly up
the annulus between the drill string and the bore hole.
Instead, the blades and channels are so arranged that
drilling fluid emerging from the peripheral nozzles
flows first inwardly along one channel towards the
centre of the drill bit and then flows outwardly again
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along a further channel leading to a junk slot.

In European Specification No. 0171915 arrange-
ments are shown in which conventional nozzles in
near the axis of the drill bit are supplemented by per-
ipheral nozzles nearer the gauge region which are so
arranged in relation to the adjacent blades that drilling
fluid from the peripheral nozzles flows substantially
tangentially in a peripheral direction around the outer
periphery of the drill bit so as to cool and clean cutting
elements which lie in the peripheral flow path be-
tween each peripheral nozzle and the nearest junk
slot.

The present invention provides an improved ar-
rangement where nozzles near the central axis of the
drill bit are supplemented by peripheral nozzles near-
er the gauge region, the nozzles being so located and
orientated as to provide an improved effect when
compared with the prior art arrangements.

According to the invention there is provided a ro-
tary drill bit for use in drilling holes in subsurface for-
mations comprising a bit body having a leading face
and a gauge region, a plurality of blades formed on
the leading face of the bit and extending outwardly
away from the axis of the bit towards the gauge region
so as to define between the blades a plurality of fluid
channels leading to junk slots in the gauge region, a
plurality of cutting elements mounted along each
blade, and a plurality of nozzles in the leading face of
the bit for supplying drilling fluid to the channels for
cleaning and cooling the cutting elements, wherein at
least two of said channels are in communication with
one another at their inner ends and both lead to re-
spective junk slots at their outer ends, and wherein
there is provided, in the vicinity of said communicat-
ing inner ends of the channels, an inner nozzle which
is angled with respect to the surface of the bit body
to direct drilling fluid in a direction having a compo-
nent outwardly along one of said two channels, so as
to direct the majority of fluid emerging from said noz-
zle outwardly along said one channel, and an outer
nozzle, located in the other of said two channels ad-
jacent the respective junk slot, and angled with re-
spect to the surface of the bit body to direct drilling flu-
id in a direction having a component inwardly along
said other channel, so that the majority of fluid emerg-
ing from said outer nozzle flows inwardly along said
other channel and towards said inner nozzle.

Since the majority of fluid from the inner nozzle
is directed to flow outwardly along said one channel,
it provides excellent cleaning and cooling of the cut-
ting elements which face into that channel. This out-
ward flow from the inner nozzle may tend to cause a
low pressure at the inner end of the other of the two
communicating channels. However, this low pressure
is fed by the inward flow from the outer nozzle in that
channel, and this inward flow from the outer nozzle
also serves to clean and cool the cutting elements
facing into said other channel. Atthe same time, since
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the outer nozzle is adjacent a junk slot, there may also
be some outward flow from the outer nozzle to the
junk slot.

Preferably said inner nozzle is angled to direct
drilling fluid along said one channel in a direction
which is generally parallel to the blade along which
are mounted the plurality of cutting elements which
face into said one channel.

Preferably also the centreline of the flow of drill-
ing fluid from said inner nozzle impinges on the for-
mation, in use, at a radial distance from the central
axis of rotation of the drill bit which is greater than the
radial distance from the axis of the inner end of the
other blade along which said channel extends.

Preferably the inner nozzle is located as close to
the central axis of rotation of the drill bit as permitted
by the location of the blades and cutting elements.

The following is a more detailed description of an
embodiment of the invention, reference being made
to the accompanying drawings in which:

Figure 1 is a diagrammatic end view of a rotary

drill bit in accordance with the invention, and

Figure 2 is a section on the line 2-2 of Figure 1.

Referring to the drawings: the drill bit comprises
a bit body 10 having a leading face and a plurality of
blades 12, 14, 16, 18, 20, 22 formed on the leading
face of the bit and extending outwardly from the axis
of the bitbody towards the gauge region. Between ad-
jacent blades there are defined channels 24, 26, 28,
30, 32, 34 which lead respectively to junk slots 36, 38,
40,42, 44, 46.

The general manner of construction of drag bits
of this kind is well known and will not therefore be de-
scribed in detail. The bit body may be machined from
steel or may be moulded from powdered matrix ma-
terial using a powder metallurgy process. The nozzles
48, 50, 52 may be of generally known form comprising
a separate nozzle screwed into a socket in the bit
body and formed with an appropriately shaped nozzle
aperture.

Inner nozzles for drilling fluid 48, 50 and 52 are
mounted in the surface of the bit body and are located
close to the central axis of rotation of the bit, being as
close to the axis of rotation as is permitted by the lo-
cation of the blades and cutting elements. Each inner
nozzle is located at the inner junction between two
adjacent channels. For example, the nozzle 48 is lo-
cated at the inner junction of the two channels 24 and
26.

Extending side-by-side along each of the blades
are a plurality of cutting structures indicated diagram-
matically at 23. The precise nature of the cutting
structures does not form a part of the present inven-
tion and they will not therefore be described in detail.
They may be of any appropriate type. For example
they may comprise circular preform cutting elements
brazed to cylindrical carriers which are embedded or
mounted in the blades, the cutting elements each
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comprising a preform compact having a polycrystal-
line diamond front cutting layer bonded to a tungsten
carbide substrate, the compact being brazed to a cyl-
indrical tungsten carbide carrier.

Associated with the inner nozzles 48, 50, 52 are
peripheral nozzles 54, 56, 58 respectively. Each as-
sociated peripheral nozzle is located in one of the two
channels leading to the inner nozzle, and adjacent the
junk slot with which that channel communicates. For
example, the peripheral nozzle 54 is located adjacent
the junk slot 38 with which communicates the channel
26. The associated inner nozzle 48 lies at the inner
junction between the channel 26 and the channel 24.

As may be seen from Figure 2 all of the nozzles
communicate with a central axial passage 60 in the
shank 62 of the bit to which drilling fluid is supplied
under pressure downwardly through the drill string in
known manner. Thus, as shown in Figure 2, the noz-
zle 48 communicates with the passage 60 through a
small passage 64 and the nozzle 54 similarly commu-
nicates with the passage 60 through a smaller pas-
sage 66.

For convenience, the relative orientation and dis-
position of the inner and outer nozzles will be descri-
bed in relation to the pair of nozzles 48, 54. The other
pairs of nozzles 50, 56 and 52, 58 may be arranged
in corresponding fashion although the invention does
not exclude arrangements in which only some pairs
of nozzles are arranged in the manner according to
the invention. One or more of the other pairs of noz-
zles may be differently orientated and in some cases
there may be provided inner and/or outer nozzles on
the bit body which are not arranged to cooperate in
pairs as will be described. According to the invention,
however, the bitincludes at least one such pair of noz-
zles.

In Figure 2, therefore, there is shown the inner
nozzle 48 and the associated outer nozzle 54 (shown
dotted). The nozzle 48 is so orientated with respect to
the bit body that its central axis 68 is inclined at an an-
gle 70 to the leading surface 72 of the bit body. The
angle 70 is less than 90° so that the flow of drilling flu-
id emerging from the nozzle 48 has an outward com-
ponent along the channel 24. The general direction of
flow of drilling fluid from the nozzle 48 is indicated by
the arrow 74 in Figures 1 and 2. As may be seen from
Figure 1, the direction of flow 74 is generally parallel
to the face of the blade 12 carrying the cutting struc-
tures 23 which face into the channel 24. Accordingly,
the majority of the flow of drilling fluid from the nozzle
48 impinges on the formation 76 (see Figure 2) and
flows outwardly along the channel 24 to the junk slot
36. The point where the central axis of the fluid flow
from the nozzle 48 impinges on the formation is indi-
cated at 78 in Figures 1 and 2. As may be seen from
both these figures this point lies at a radial distance
from the axis of rotation of the drill bit which is greater
than the radial distance of the inner end of the other
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blade 14 defining the channel 24. The radial distance
of the point of impact is indicated by the dotted line
80 in Figure 1 and the general location of the inner
end of the blade 14 is indicated at 82 in Figures 1 and
2.

As previously described, the flow of the majority
of drilling fluid from the inner nozzle 48 outwardly
along the channel 24 may tend to cause a reduction
in pressure in the inner end of the associated channel
26. However, this low pressure area is fed by inward
flow of drilling fluid from the peripheral nozzle 54.

As bestseenin Figure 2, the central axis 84 of the
nozzle 54 is inclined at an angle 86 to the bit surface
72 which is less than 90° so that the direction of flow
of fluid from the nozzle 54 has a component inwardly
along the channel 26 and towards the associated in-
ner nozzle 48. Fluid emerging under pressure from
the nozzle 54 therefore impinges on the formation 76
and then tends to flow inwardly along the channel 26
as indicated by the arrow 88 in Figures 1 and 2. How-
ever, a minor proportion of the flow from the nozzle
54 may flow outwardly and upwardly through the junk
slot 38 to the annulus 90 between the drill string and
the formation 76.

It is found that the combination of inner and outer
fluid nozzles arranged and orientated in the manner
just described provides a particularly effective and
beneficial flow of drilling fluid across the cutting
structures and on to the formation in a manner to pro-
vide effective cleaning and cooling of the cutting ele-
ments, and cooling of the formation, while reducing
the tendency of the channels to become blocked by
accumulation or "balling" of the cuttings, which is par-
ticularly likely to occur with soft and sticky forma-
tions.

It will be appreciated that the invention is not lim-
ited to the particular arrangement shown in the draw-
ings and, as previously mentioned, a bit in accor-
dance with the invention may have only one pair of as-
sociated peripheral and inner nozzles. Arrangements
are also possible in which two peripheral nozzles, ad-
jacent different junk slots in the gauge region, both di-
rect drilling fluid inwardly towards the same inner noz-
zle. Conversely, in some cases a single peripheral
nozzle may direct drilling fluid inwardly towards two
inner nozzles. As previously mentioned, the bit may
also be provided with further nozzles, such as inner
or peripheral nozzles, which are not associated in the
manner according to the invention with other nozzles
on the drill bit.

Claims

1. Arotary drill bit for use in drilling holes in subsur-
face formations comprising a bit body (10) having
a leading face and a gauge region, a plurality of
blades (12,14,16,18,20,22) formed on the lead-

10

15

20

25

30

35

40

45

50

55

ing face of the bit and extending outwardly away
from the axis of the bit towards the gauge region
so as to define between the blades a plurality of
fluid channels (24,26,28,30,32,34) leading to
junk slots (36,38,40,42,44,46) in the gauge re-
gion, a plurality of cutting elements (23) mounted
along each blade, and a plurality of nozzles
(48,50,52,54,56,58) in the leading face of the bit
for supplying drilling fluid to the channels for
cleaning and cooling the cutting elements, char-
acterised in that at least two of said channels
(24,26) are in communication with one another at
their inner ends and both lead to respective junk
slots (36,38) at their outer ends, and wherein
there is provided, in the vicinity of said communi-
cating inner ends of the channels, an inner nozzle
(48) which is angled with respect to the surface
of the bit body to direct drilling fluid in a direction
having a component outwardly along one of said
two channels, so as to direct the majority of fluid
emerging from said nozzle outwardly along said
one channel (24), and an outer nozzle (54), locat-
ed in the other of said two channels (26) adjacent
the respective junk slot (38), and angled with re-
spect to the surface of the bit body to direct drill-
ing fluid in a direction having a component in-
wardly along said other channel (26), so that the
majority of fluid emerging from said outer nozzle
flows inwardly along said other channel (26) and
towards said inner nozzle (46).

A rotary drill bit according to Claim 1, character-
ised in that said inner nozzle (48) is angled to di-
rect drilling fluid along said one channel (24) in a
direction which is generally parallel to the blade
(12) along which are mounted the plurality of cut-
ting elements (23) which face into said one chan-
nel (24).

A rotary drill bit according to Claim 1 or Claim 2,
characterised in that the centreline of the flow
(74) of drilling fluid from said inner nozzle (48) im-
pinges on the formation, in use, at a radial dis-
tance (80) from the central axis of rotation of the
drill bit which is greater than the radial distance
from the axis of the inner end (82) of the other
blade (14) along which said channel (24) extends.

A rotary drill bit according to any of Claims 1 to
3, characterised in that the inner nozzle (48) is lo-
cated as close to the central axis of rotation of the
drill bit as permitted by the location of the blades
(12,16) and cutting elements (23).
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